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N6N-METRK5 GEOMETRY.; ' >f:,/. ; '., V'; V .SS 



_ IS J : The material of this chapter will -be new to almost all pupils / , ■ ^ j 
^. Most of it has. been?; ^ied -in a number -of .eighth; grade - classes wlth^ . _^ ; 
|fg rather surprising success. There are a number of reasons for in- . ; , 
| ; Eluding 

■ - ". ■'■ i , it. helps" .develop spatial 'Intuition and understanding. ; ■ : • ■ < ^ 
r ^ anbther/con^ext ,the\role : qf m^theiiat^c^ . J 

: -. ... - v in reducing things to their 'simplest, elements. j jy ; ;J 

^.•'^•>^.^li'afi , cids other Waye 'oi* .ipdking ; at/objeets, in the world -. : .- 
r?^ : -;™ : "- : 4'"f ; - r' ^about us. and- raises fund^mentai- questions- About: them, f lf „..:. v .,^ 

« .-4. it i illustrates types. of mathematical (geometric)' reasorrj: 
^';;r^ •• ing and approaches to problems. , '^fM^V'. : - y • 

" > ' 5. It gives i an\ interesting ihsight into ,t% meaning of 



dimension. * - ' . " f 



The general purposes df this Chapter are similar to those -for 
- Chapter > of -yplume I. It 1^ .suggested ^that teachers -read "the . 
beginning of the. Commentary for teachers of .^Hat 'chapter,, i - v , 
/.-'v. in this Chapter, there is, i^re emphasis on/the^ use 'of models .. ; ^ 
'jMh understanding spatial geometry. There- is cprrespondin^y,,^ss:; y 
^emphasis on "sets'l- as •": such; This, Chapter is more geometry than/, r 9 
^■^^8^' However,, the terminology ot^ets, intersections., and. unions. 
i^S -uAd thrpu^hout this Chapter, Thej students should already, have ■ 
somPfamlliarty.'Wlth f : these ideas, A quick run-over ofi the ideas.,; . 

M::^9^}BiJ!^^^^U^ 

> students. However., if sets ] intersections, unions, and som^geo- 
V metrical terms can be explained as^ you |o along, thls/materiEal> ^ • ■ 
i should "?be' teachable-- wlthout;*much specific background on the' part.. 



m 

-I 4! * ' 



.k<- - . :\. • ■ - «v. , trf! 4tJi ; v • J ' 

gv.',;; , - , The -'use af, terms :like ^simplex" 'and the^is^ihctlofts. t^tjfe^i^tv; "5;;,.;$ 
.2^.;and- 3-dimaAaiona;l polyhedrons' should epntyitfutfe t| "precision of-" V VV 



f|| ^ Reading , -flhe 'text is wr^tep with' the" in%enfrioh'- ^Jiat- •^hp/putol^f;: 1 

$-^^~^aA-. fea^-stUdy)- lt^ There- m^ 

* ; ;V F _Trap3SLs 4 will not •follow*- easily . ' ' Pupi)l s sshpulpi be encouraged to 

^^y<^d-j tne^ea paeBagea when they occur, and theja go toack andL study ; 
^/•the^>;-%^Peachers will. firijj>it prof itable "to ^ead some of the* material V ^ 
ie"pupifBv| - / " . . V. :\ # - ! " 

ierials ^ V In x^chlng subje-ct matter like this^to jur^ipi? ." 

elk> are of 'considerable use. PanjlliWity 



: ; with th* 



I 



• ••^•-^ 



high school students.^ 
and facility with, model s should increase^ - teaching efXafitiveh^s as 
^rell as, inip^ove basic ■ understandings^ The" students should be dri- 
eoiirapd to use cardboard or oalC: tag for -their models of .tetrahe- 
drons and cubes , They will tie askfed. to draw on the surfaces of . 
thfese later; It * Is sugge sted that' each .student contribute one 
model, 6f a regular "tetrahedron and 'one /of a s cube fo^ later class : ^ 
use/ Khey will be needed lat^r- ih the/ Study of polyhedrons, -Each 
student shoul£ keep a model of a^ cxjbe; and a model of a tetrahedron 
atVhome for use in homework,' In this Cpmmentary for Section 



and '.1*0-7 there are several suggestions for making, models from : 
' > blocks of wood, Tha boys fh 
^ make these, 



Time, 



le class should 1 be encouraged' to 
The 4 material of this unit is 'recommended for study for 



a"period of about two *weeks, , if claai interest is high^ some extra 
t%ne could profitably be used. ^ 1 • . V ' 

. A Word of Warning , In ^preparing themselves on this material, 
teachers .should not expect to master it at one reading, Tarmi- " - • 
s nolbgy^ajid^polnt s of view can be -as|imilated;gradufiai not- ; " 

take, the attitude* of " Exploring the iq^terlal together with the- 
students? |^ ^ _ v > ■ . ■ ."\V ■ - ' 
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ire.; ^ro-l 'Tetrahedrons . .... 
"Iff S i it is probably desirable "for' the, teacher , to f ollojtf 'the In- 
£ : S^tWct?ims -in the" text '-to 'make *n class either ^. mode^io^- re|«, 
WSi'W^k ^etrjihedron or a model of arhon-regi^ar ■ te^rahe<^h;- 6r bpth^; 

^1 Have . them keep- one model of a tetrahedron -to use,- at ■home ,« . , ,, . . , 
£t -ipme bop might like, to, maltemodelfl of tetrahedrons , by,, sawlri£ 
; yroocl "blocks , ; .. : v - , t V 



. . I; .:i.i:..-.r,;.c. 
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j| * * : : ^swerS;' to Questions in Text 



; & ^dgeS;bf (PQRS) : * are 
The faces of :(PftRS) • are 



(PQ), (PR), (PS) j ■ (QR ) ,» v (QS) » and' (RS),* 
(PQR) , (PQS) , (PRS) , and (QRS) , \ .* 



"Answers to Exercises 10-1 
1, (Corist ruction) 
(Construction) 



J 



2. 

3- 



The measure of the new angle DAG 
the sum of * the measures of angles 



must not be more than 
BAG and: BAD nor less 

" . . i - •• • • • 

(This 



than their d^an/nces. Otherwise, it won't fit 
could be tried ../in class-.) -.: ":■ : 



10-'^ Simplexes " " v . ' ' "A ". ■ ■. 

W ; Chapter 4' we regarded points, lines, and planes as. our 
"building 'biocks" ^ Here :' (with ssome prior notion of lines and 
planes) we will use points, segments, triangular jreglons; arid 
^^d^tetcanedrons,M^our " building: blocks" ; • -,.;;„ 

The* discussion about "taking points between" and- "dimension" 
probably will need to- be read more ^han once by pupils. After one 
gets the general~idea, the material is quite readable, A class ,, 
kscttBBlQhv of t W T^TgMP? to the 'rea;ding-oMhe^ext. T by^he t 

pupil Sr may - be- a -good idea.. 

"•■ ■ ■ • ; . . . 



CY 



v. . 



The discussion "betweenness" illustrates, an inigb^taht f act; v 
about reading some mathemat io s , One : some time^^as i&v easier time; : Ff 
reading for ^gsrxeral ideas and the^jf rereading t*f ill;;,in : 3eta&lfi>/^ :. ! : 



Answers to yExeroll'es 10-2 : . . ^ 

1. (a) 3 > . , / . X; " 

ui:t m 3 •"• ',. ■ 

^v^u£ M ^ • - 1 ... -\ ■ . ■- . 

• •; .-..«-*• • -w t *■ 

/" 3j4, Ttte abetter s^&fnt a might be encouraged to draw 
\ : A " * - ; figures for eab^i of N these 
. - problems, as: 




5. 



The vertices' of a 2-sim= 
plexes are blue. 
The_edges* will be red/ 
The interior will b^peen, 
No-. Just two * 




6-. 



The vertices of the mo^l 
; - are blue . .= 
The edges will be' red, : - v * fc . 

The faces- will be. green. ' <\ 

The^solid tet-ralj&ron, ^ 
Note: When we say "color points" what we mean, of course, 
ls WMI color the\representations of the points on the paper or 

, ■ * ■ ■ ' r • » » 

modetL 11 \ - : 



mm 
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l 4 :-;C6nBt ructions 



ikb'er 6 3 



32. Thergiyare a; number of 
£0 eitble.; a.n sws r Bd > ... > 
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3. 

4;: 



gp/LBD) ^4 (PBgbj. dould. , 
be two of the ^.2 • if one 
face is labeled as on the 
right . ™ 

24 2-simpiexes. ' • - 



Yes, you can make the; j 
comparison, 'The top JL .-. .\ 
vertices of the six 
pyramids would correspond . 
.to- ttie.^ &lx points ..in the; _ _ ^ * 
middle of the faces of the cube 



10-4 Polyhedppns . • i, *' '.' ;' • 

In elasja it would be. a good idea to hold or fasten 'models of _ 
tetrahedrons together, to indicate various 3 -dimensional po^ytedron« 
Also, blocks of wood with 'some corners' and edges sawed off ("aijdY^. 
maybe^with a wedge -shaped piece removed) are good models- of y; • :V\ 
3-dimensional polyhedrons. ■ '.''',>'."' v 'V * ' 

' "' Models of : tetrahedrons should be held together- tt> indicate . 
how the intersection of two could' be exactly an edge of- one* but .' • , 
npt an edge of the other. (They would not intersect "nicely,") * y 




er examples can also be ^hdwn here. 



X 



■lb.. '* 



f 




I 
p 

p 



^^p^^^^-'-' ' ^ '364' 10-4; 



. ...... A -4... ■ .. r . ... . ...... ..;•„,,:„••, r: A f A \ ' '• :■ • 






V. .j- -' • ^ • - .-V«. 

g«V ... • • »; , 



or 




1 










• 4^ 




( one possible answer ) 



& 



* ' D^aw; the > segments (BD)/ (GE) \ and Hi), 

H * 



(a) " ^aw " segment s (BD) 

-(aft')",.- (DF), (FH)/ and , 
. .LV- .: ea/ther , ... : (BF) ,^or ,(HD) J 



A- 




is 
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, 6. / (a) (PQR), (XYZ), (XPQ), (XYQ.) ,' (YZQ) , (ZQR-) , (XZP), and 

•v •••V . '•«•' (prz) . 

(b) (FPQR), (PXYZ), (FXPQ), (FXYQ), (Ffl»). (FZQP,) , ^(FXZP) 
- . * ■;■ -and TpPRZ) , 

• |q) (QXYZ), (PXZQ) and (RPQZ) • • ' .. ■ % ■ , 



10-5 One.- Dimensional Polyhedrons 

■ V — - " " . 

V. The "pupils- may enjoy drawing' all sorts of simple closed 

polygons . Some should be in a 'Plane.. But they alS£ should be 
--encouraged -to* do some on surfaces of cubes, tetrahedrons, wooden 
etc.' " ' ^ " * 



A nswers to Questions In Text in 10-5 .• , ; V 

•:• Other polygonal paths from > to S are PRS^PRQS, PQS, PC 
Five in all. Other simple ciosei polygons oontal&n^ BE and GA 



are! 

BEpFOAB " - 

, i BEPCHFGAB * 

I ' BEGAHCB 

BEGAHFDCB ' 
BEDPOAHCB 

Answers to Exercises lu- 5 

1. 2%aths from'' A to 

3 simple closed polygons, 

2. Jfk) 7 ; * , 

(b) PQSP, FRSP, PQRP, QRSQ, PQRSFjr FRQSP, #S^P, ^ 

(c) PftRSP (We are naming the vertices in order returning 
to a starting point.) 
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306 



3 ', PABCDEPQj PCBAFEDQtf PIDCBABft (there are others) 





or such, 



5. There ace many ways of doing it, 



10-6 JhtfO - Dimensional Polyhedrons . ■ , * 

This section gives a good opportunity to draw a lot of 
2 -dimensional sJAplexes and polyhedrons and to illustrate again 
sets*of 2-simpl ctcqe which intersect nicely, 

, Some* drawing and illustrations should be in the plane and ^ * ■ 
some shpuld be on surfaces or i 3 -dimensional polyhedrons, * 

Answers to Questions in Text , 10-6 : v . 1 

Students are asked if they sete a relationship among the faeeSj 



= edges 0 and vi^tioes of certain polyhedrons. It would ^e^ dlf f ioul6 
to discover tKe, Euler relationship from just three cases «, The 
relationship will be developed in detail in Section 10-8 . 



Answers _tO Tabl^ and to raises Td-S 





F 


E 




^trahedrori 


4 


6' 




Cube 


6 


12 


a 


Cube (with s i rnp \ < .-...;» ) 


1 2 


18 


8 






# 
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and many other possibilities 



and marw other possibilities 



5. 
6, 



and many other poas; 



3.. (a) 





No, there won't be four 
The union of the first 
three must Itself be a 
3- simplex. Yea, a 
tetrahedron . 




F = 24 



E - 36 



V => 1^. 



6 sets of 4-simplexes each. , * 

12 original edges, and 6 sets of 4 new edges each. 




10-7 Three Dimensional Polyhedrons , » . 

In this section and the next section there ^re many fine, 
opportunities to use the models' which the pupils have prejpkred. 
It is suggested that the class be divided into three or four 
parts and that each part take several models of regular 3" tetra- 
hedra and fasten them together (with cellulose tape or paste) to 
produce some rather peculiar looking 3 -dimensional polyhedrons. 
They can also fastei r cubes together to produce odd 

looking polyhedrons. 

There is a good opportunity here to encourage* some of the » boys 
in the class to r^ake models of 3 -dimensional polyhedrons out of 
brocks of wood . Start with a block of wood and saw corners or 
eU^es off of, it .and possibly notches out of it. The surf ace you •< 
get will be a simple surf&ce as long as no holes are punched 
through 'the solid, You could not punch holes through with an, 
ordinary saw. Be sure that the surface is made up only of flat- 
portions, A surface like this uould be covered with paper and 
then colored or drawn on. it ouuid then be re-covered with 'paper 1 



16 




t * "19" 



v - -309 
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for farther ^se." It is interesting' that 1 no- matter hfcw the block 
ls cut up (without holes) every simple closed polygon ^on it wiir . 
separate the surface 'into Just two pieces Also the models can 
used for examples of the Eulfr Formula' in the next eeetlofc. The ^ 
faces,, fdgfes, and vertices can be counted rather easily^ objects 

like 'this. ^ • ' . 

-Make a mo'del of a "square doughnv.Vout of ,8. cubes, as suggested. 

in the text": The surface will not be simp J 



Answers to Exercises 10-7 
«:u..2\ ......Constructions . 

j3*. Three: 



7L 



L — t — 


i 

. -;• ■- 







Z 




z 



^ ' TWO : 




i 



J 



0 




3io f 



-ft ■ i 



(a) Five of the many possibilities ane as follows: 



(if 




■A 

(3)' 



z 



B 



'(2) 




(4) 











• 


A 

_ i, 





(5) 



i 



/ 



f 1 



in Lorsections 



A 


and B 


A and U 


B arid C 


1) 


face 


fO ■' 


face 


2) 


face 




face 


3) 


face 




edge ; 


4') 


face 








vertex' 
t 




vertex 




"0 re^re 


;sents the ciui'i^ > 






(b) No 








(c) Ye: 


J ■ 










j 



A anfl\J3 and- C 
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Si/.;.. 



.'6 




/ 


5' 

i 






4 


3 


2 



• : ;fl; ; ;5 



i 



The intersection of cube, # 7 with cube #6 is a face / 
and: the interseet^on^of oube#T with cube* 1 is r an edge.. 
Thus ifhe figure i & not a. "simple surface." 



la 



1Q-8 Counting Vertices , Edges , and Faces --The Euler -g^p 

Use models of ■ .tetrahedrons and cibes in explaining 1 the. material 
of this* section. to>the *cl4ss ^ 1 "" ' ""• ' ' k ' 

: The' counting of f aces , ' ed|es , and vertices on any simple sur- 
face should^ be interesting ancl informative for the pupils. . Use. 
models made of wood for s.ome o\'..,the examp.lcs . 

Use the model of the "square 'doughnut" of the last section' to. 
help pupils 'count faces on this type of, surface. 

The teacher should assign particular problems .on counting _ 
faces., edges, and vertices »as appropriate for. the particular class. 

The teacher should subdivide the surface of a model of a cube 
in an irregular way and count faces-,' vertices, and edges as 'indi-. 
cated in the text. v • 



Answers .to Exercises 10-8 ■ . • i . 

— — ■ ■ - J ' ' M 

1,- The count is ,12 .faces,. i8 edges, and 8 vertices, ^ , 
The 2-sifriplexea of the subdivision ok the tetrahedron can 
/be corresponded to the faces ofSfhe ) solid which is the, 
'ufii^h/^of = th& five - tetrahedron ■.- 
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5.1 A. face looks like 

» % 

£8/ :f^j?^ * * * 



V ... " 1 




; 



of 'fa^ea of ^ubf and '2*M « 
o^adg«s r of; cube i;^ 4 - 4 ^ 



V + M P - E should 2 




4. 



• v 






V = 


10 


V i i-' -E 


- 10 + 


16 


■ f 24 = a. 






✓ 














*F = 


16 


% 












E = 


2k 














(a) 


V 


» Id 


(b) 


V 




16- 


i 




P 


= 14 




F 




14 






E 


>28 




E 




28 ' 


i 




V 


+ F .- E - 




V 




F - E = 






16 


+ 14 - 28 - 2 ; 




16 


+ 


14 - 28 




(a) 


V 


= 20 


(b) 


V 




18 * 






F 


= 18 




F 




16 ' * 






E 


= 36 




E 




32 






V 


'+ F - K = 2 




V 


+ 


h' E 



2. 



1- 
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,^^hapter 11 v 
VOLUMES ANb SURFACE. AREAS 



general Remarks * . ^ 

• 'The development- of the malm port ions of this chapter*, is', along ■ 
:'Bmpii?lcai and intuitive lines. We have made generous provisions 
for discovery activities. The entire chapter -is built around the 
construction #hd frequent use of the various models the pupils 

ar<* to study. • W , , ' 

:.. At the. end of this chapter you will find diagrams for construct- 
ingmodels of the geometric solids we will consider. We suggest 
you use the following steps to be taken in the construction of the 

models: • , 

(a) Place a sheet of, stiff paper such as oak tag behind the 

diagram in" the text. 

> '" te (b) With a**compass point or pin point perforate the text page, 

at all the 'vertices . '• 

.9 

(o) Remove the stiff paper and join the holes by using a 
.- sharp pencil and a straight edge so that your diagram resembles 
that of the text . • 

(df With a pair of scissors cut along the boundary lines of > 
the figure or the. stiff paper, ■ \ 

(e) Fold your out-out alung the inner -'Vdges of your solid. ^ 

(f) Use glue to paste the tabs <p the inner edges of your 
-solid. . 

(g) Seal each such edge" by using tape, since some models are ■ 
to be used as containers . 

(h) Take good care of your models since they are to brused * 
! frequently, \ •■ 
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fc : We; suggest .that you 4 take some tinje in Glass helping the pupils ( r . 
construct the first models. Be sure that they construct the^r ^ 
/'models: carefully. , You will notice that in somS cases a base' is not* 

sealed £ince sucji model's will be used as containers. \**It *is convan-- . 
I lent at times to attach this base temporarily also . . ; ". *V 

.* We' have assumed that your pupils are somewhat familiar with* Che - 
- following' geometric terms; point, line/ line segment, ray, parallel \ 
lines, intersecting lines, perpendicular lines, angles, measure of 
an, angle, triangle, altitude and base of a triangle., base and alti- ■- 
tude> of a parallelogram, suqua'reU regular poltgon ? , hexagon, perimfeter 
'of a pplygon, circumference of a circle, Pythagorean property, con- 
gruent triangl e s , surface areas, and volumes, * - 

You might perhaps take an inventory to see wfiBGhert or not this" 
is true . If preliminary work needs to be done we recommend Chapters 
7, 8„ 10, and il of 5MSQ ! 60 - ! 6l text for Junior High School 
Mathematics , Volume I, The subject of measurement is extensively > 4 
developed in Chapters 7 and 8, The subject of parallels, ^parallel- ^ 
ograms, triangles, and right prisms 11 covered In Chapter 10, and 
circles -arid cylinders in Chapter 11. ; 

If the pupils already know a good deal about ^areas of plane 
figures- arid volumes of right prisms respectively, Sect ions one 
and tHree could serve as a brief review of the main ideas, 

If on. the other hand youk pupils have had' little or no prepara- 
tion. £§r area and volume. Sections one and three should definitely 
be supplemented. In these sections we have done more reviewing 
than developing since we were not introducing the ideas of area 
-ansa,, volume for the first time,. Chlapters 7, 8, 10 and 11 of SMSG ^ 
, ! $0 - ,f 6l Junior High School Mathematics, Volume I, ttext should 
most certainly be consulted ^Ln expanding upon the brief treatment % 
in actions 1 and 3 of this unit. 

Encourage your pupils to estimate areas and volumes prior, to 
calculations and experiments. We feel that these activities will 
help them to appreciate more the ideas of area and volume than 



* .the re suits o/btaijned bjr/ calculations .alone. It will be necessary 
■ '> ' tov-^6%$p supply Inch problems, as- they have not been included 
ir^he text ,. \ " 

■ ^The activities, of finding volumes by fitting inch cubes which 
pupils have constructed, 'and of pouring sand and salt in^o the 

interiors of the various prisms, should help them to understand. 

•*■••'••*'' - * »* 

the concept of volume . , . • .. 

1 notice' that we have not done much articulating with 
the ideas ^ve loped inJjttiapter 10. We suggest you take advantage 
of* these imas whenever they will help you to ..clarify and unify 
the basic fciJ^aSj presented in this Chapter. < , 

-~-*z$fie dimensions were given for the various patterns for your ■- 
convenience. 



It 


is suggested that 13 


days be allowed for this 


Answers 


• 

to Review Exgrcises 


1 1 La , 


V i. 


48 sq. in. 






3^ sq. ft . 


/ 


3. 


169 sq, in. | 




4. 


12-jp sq. H. 




5. 


240 sq. in 




6. 


32,5 sq. Cm 

m 




7. 


23,92 sq. ft 




8. 


65 . 1 sq . cm . 




9. 


703 sq. ft. 




10. 


Approx, 64 sq in 




* 11. 


(a) 10 sq. lii 


t u ^q . in. 


12. 


20 sq. in. 
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pages' 428, 436, .431-432 • 318 . 11 

Answers to - Exercises ll^lb - 



x. 



1.. j6 sq. in. - ' 
*2. , 5*76' sq,;. in. 
3. '247 sq. cm,. . 
k . Approx . 6l sq. ft 



g, Approx. 12 sq, ft. 

*6. 24 in, ■ . • % 

:'{ * (a) 5i s 48o sq, ft. 
'(b) $ 15,444.00 

Answers to . Exercises - 11 I c 
■ 1. 1,038 sq. ih.. 
... 2.. 2,750 sq. in; 
3. 17,400 sq. ft .« 
-; "7 4. 3,080 sq. in. 

Answers to Exercises 11 id 



(a) 25tt sq, in. (d) 20,25 sq, in 

(b) . 1007T sq, in. (ej 225ir sq. in 



(c} kOOir sq. in. (f) 196tt sq,^ in, 

» 

25tt, ..-100't, 400t. ' 
Doubling the radius quadruples the area, 

(a) BRAINBU'STER s Arrange the 20 eongruipnt triangles a 
- in the following figure 




'page* 432, 436 



\ 



(b) 



s ■ 



V:) 319.V 



We^rouid^€ey tha1> the ;arfca. j 6f th>e" aircli* is appro: 
mately^eqpal t;6~^ie ^rea.. of the circumscribed polygon. 
It'iHll. Always be\es£ *fhan" : thfe area of -the circum- 
scribed polygon alnke ^here will alwa^ys* be vertices ;t 
of th# polygon^ which are^-nbt points of^he circle 
Therefore there is /always some portion. Qf the Interior 
of the circurr^erfbed polygon which is not .contained 
in the interior of the circle, However for larger 
values of n ^ the areas' are very close and ' we can 
think of the area of t the interior of the ^circle as 
the lower limit of the area of interior of t he \ circum- 
scribed polygon, ' 1 r - ' 
Thus: . • ' ■ \ • 
(Area of inscribed polygon)<( Area of circie)<(Area of 
circumscribed polygon). For very large ^atlues of n^ 
we can replace, (<) by (%) , 



See rc lags 11-2 



1, Listing examples. , i 

2, ExaminTrfion of m^Uc l o . J ; * 

3, Construction and^xeuniua wion uf models, 

4 # 1 and .../ ,., cannot u e skew lines since they lie in* the 



. n 



same plane r 



nd _./ ? ? cannot intersect since, they 
* Hence 1 "and ^ 2 



u . and p, 

■ i i 



lie in parallel planea 
cfin^only parallel ^ u 

(a) A line perpendicular Lu a plane is perpendicular -to . . 
all lines \n that plane , 

(b) The side oppo^ue the right angle^of a right triangle^ 
is t he. |iypp teniae of the right triangle, , • , 

(c) -The hypotenuse of a right tri^gle is the longest t side; 
'of a right triangle , r 
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V: 



HRlPi 



^Vi^-vW^,...\':; ; v-...*/- - - " • • • - ■■■■ ■'■> ■.■ • . - - : ' ■ ; < • 

Biffin per-' * ' , 



■■■■ ■ " ■ -■_ ■ • - - - v 

,: •-'•.-vv. ; . '', r> 11-3 :^ . J i^^k 



* v ' ...since 1 - they contain QS 
V ; d line perpendicular 
to P g . 



•3 "4 
pendlcular ,: to ' 

since P a -^b. parallel] 

to P^. ; i 





(d) tjs is perpendicular to since P^ 



and Pi 



contain QS* 



Exercises 1 11-3 



1. (a) 


/4 cubic, inches 


(b) 


10 


cubic inches 


(c) 


2 


cubic 'inches 


2. (a) 


16 


square .inches 


•i 1 < b) 


28 


square inches 


(c) 


4 


equate inches 



3. Surface area is 33j- 'Square Inches,, 

Volume/ is 9 cubic Inches . , : • 



.>-> 



Voii^e: is 11*5 cubic inches, 



"•V v- 



^ B*f^ i . ■ ■ 



of toas#-6f Mod© 1 4 ; is 
p 0 ^ eter of ba8 e of Model 5 is 
B of base of Model 7 i s : 

Perimeter of Mse of Model 8 is 



6 itiehas £ 
6 vd.no he s .. 



(c) Poi* rhombus based, right prism, ^ ,;9 ; wbiq ^ftc^s 
;"!T '.'*$o?' rlghivreotansular.'priBm, - ;9 : cubic Inches: ; 

For hexagon based right pptm, .10. 5/ cubic inches 



^^•"ligh^ oiroular 




Ml 

tf) 



See (c) ,. • \ , ; • V' • :* if' ;.V. 

The interior of a c'ireie : fias ■ the largest .area, T ~-P?& 

6; 'Volume #or Model 4, ; 9 cubic Inches •• _ ■ v V :" 

^ Volume for Model 6, 9 'cubic inched 
Yes. They "are equal. 

Perimeter' of base of Model W 6 inches 
Perimeter of base ^of , Mo'del J6, ; 7^ inches 



■.V;.V..'; 



No. , The perimeters, are' not equal.* 




Exer cises 11-4 

i. Glass- activity. * ■ i : : * • ; •■• \ * ' J „; -. 'v'; 

.', ; 2.' yes. , it is the piirpehdlcuia» '• distance fctftwexi* ttaf.- bas'e'fti 
3/ No. it is not the perpendicular distance between the 
bases,. . * ;' 

^Tirr^^larilT" since ; the " lateral e^ge "of ^ap? oblique -prism-iB^ 
greater than the height, •:• v-" . . ' ■ 



WMM. ' W?M&. perpendicular to the base , V ; , ^ '■■^''■■'^ 

; S| tri'angleg. TOierefore M and ; ai*e 5 .^".dnbhWs:^? 

; length '(3,.. -.4, 5 right triangle V/ :-'£>;: 



\v ..: . (d) Yes. .. .• . . .•*"■■■- • ,. ; :-'-\r :..V^«# 

- |e) Y8S . • ' > / -v.-;. ••• -^ ....... .... ..... 

;«:..•.. :i " 2;t : (a) / It would work for any regular polygonal region. : 
£ ( b ) It would apply tcf any lengths . , . : ; 

«, ...... ....... ........ •• ' J-" - i^cteralredge s . " ' " „. i/ . " ; r^rr^^r; 

V;" 3. -(a) Use the Pythagorean* property, - ;'' 



: ' (0;3;) 2 = 12 2 £ (SQ) 2 ■ " "/ . ' V 

,: 169 - 144. (sa) 2 ' •. .-. .^,^2^;^^^.^ 

- 25 " ■= (SQ) ' : same development for QT 

(b) Yes. > (e) Yes. ■ 

......... v ' . . ■ . ^. ". ' .. 

(d) v Yes.: :■• ' *' (f ) J Yes. 




pages 452, .454-455^.^ 
• • ' • '459.. . ' - ; r -;" : ,:;;-:^# 



& ?■ , 9.-. ■(a)' 360 square feet . 



- : ' • ' : - < , - - 



f j.-,V..r ..- '+•■•; 7--. ,• -.-U.v 

• ; Exerci se^ : 11 -fa 

T^';v-:-r: : V :" — — ■ — — 




: -77<#» 




) 28: cu . in . : • 

" ^ (fe) : 8°0 cu. cm. v 
288^000 em . f t \ - " 

2. 3 cuvln, 

. lrt ->v-.-.-^ r .-,,„.- <y .... ... ........... • ■-.-*-•—. • - 

3, ; 12 meters 

v^, 8e, 944,000. cu. ft. 

370727000* cu; ydv- -■■ : ----- r ----"-"- > -^~~~ : -~™^===^— ,.^ m ^„„^^_^-,v.^^.| 

sq. in. ' • . .' •.._.•/•.. "is-:-; 

6; " The volume is doubled If * the ■ side, la doubled- and h|igh^^ 
halved, then the formula ■ * v.'.v-'- ;v,;B:.:; 



V ^ ^ X S X h be cope s 



y ! > I X (2s 2 ) x § 



a 

.7. 



- 2 x (i X o 2 X h) 



Exercise 3 11-7 



1 . : T =; TIT 2 + TTTS OI' T =» ( 3? + . a ) 



f 'r s. 
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T I t- .A^quare la a; parallelogram 



F g : . At rape 29 id may have two pairs of parallel sides, 

P 3 * If the base ' and^ftight ofv ^ triangle are both doubled,/ 
. the, area ds muJjf^med by ..'Z^. ..v....,,. ,/.=. 

F ' 4 . ' If the radius of^K»Lrcle Is ! doubledy the .area ls also 



•T 



doubled.' 




T 5 » A regular decagon can be separated 'into ten congruent 

triangles- " , ...V" ■ . ; 

IT T6» s> ■v^e"1)ase's^ : 6f^ a triangular right prism can be ofrl^right 



triangles ♦ / v - • y ■ , ; 

7 ,;./'. Any two parallel .faces of a rectangular right prism may; -be 
considered as the bases 6f the prism. : ; : V^'^ 

p 8 # The length of the lateral edges of an oblique prism is. the 
, r ^ ^, r ._ 4 dig tanc e between its bases . ; vf 

T 9 v The volume of a pyramid varies directly as Its height, 

P I Qj The volume of a cone is one third that' of a cylinder whose 
: ' bases are congruent to the base of %he bone. ( 

^t^T^^tel^h 



F '12. A pyramid is always a tetrafitedron. 

F : 13 ♦ A regular pyramid must be a tetrahedron* 



.T ; i4 v ', Some pyramids have altitudes which do fipt * intersect : the 



closed region of the base ♦ 
LIS.:- The- fiilarvb hei|ht of a right circular cone is; ^yer equal 
\ to €he height ; of the cone . * 




',v.;:. - • J . • < 

^ Actimplet'io& Questions 



fell *S - i-; : : If adjacent "sides of a rectangle/ are congruent, , the 

^^4^r,,;^^W---if igure \is 1 a square / -". . : <v\ • .'• - • . . 

|l^.^vu.f „•«.■•.• :v; .Wpw: .' ' • . J2r"- • ' -'-V 

^^^^^^B P"™" 1 1 ^ - "ttife- figure is a^gipeaoljt" ' ~~ 



? " : '- J ' ' : 3. '^If adjacent sides of a parallelogram are congruent , the*- - 
^ . ; ; - ■piprr^ i.a a rhombus or square - ■ |. ;• . D-'- 

feV«-i v>-- ^ • . " i ' - . - . *\ ....... ..: v v. ■■■ , • • . * • • • •- - • '■■ -. v ' v- » ' • : - ; I • : . - • •• . - ,■• - \- • > v 



!Sfceaei,siSe,,Qf,,a,.Efi6.t 
. . ; multiplied by K .V . ; ... '. :-^.;V-.' ^M^^S^Sf 

57 V if : tHe "Keight of ^triangle' is 'doubled^ its -area is- 
■ m^iplied by 2 



■ ; ;. 0 phheo ting the center With each yert ex ^the area, -is ■■ 8 
s:T ^ Klines the : area of ^ch; triangle , 



7. The area of a polygon Inscribed, In a circle < 

(<, V, or. -;) ;area of the circie, ' ■ ■ ;.«; : r f'* : ..' V^t-'-: 
*"'"a7^f the 'radiu 

■V. " multiplied b y 4 , ^ ' • V; 

9. xf tKe . rad^is^ of a c Ire le is multiplied by 3 > : the ^&mV^ 
; : ia multlbl^d b y 9 , • ; g" v ; -V; ; r^,- 

10 . ' if ail side s of a polygon have sides of equal measure, It- 
. is called a regular polygon. • . . ■;.{>?-' 



ii. 



In the blanlc following the name of each. figure write the;;.^ 
formula used to find its area, : 



(b ) ' •Rhombus A ■ bh 



(e) Triangle A - -g bh 



(d) Circle A = irv c 



(e) 'Trapezoid A '■' |h(b^ + b 2 ) 

(f ) Regular polygon A = •jhp 
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rX;'^l3 ; ■ IM t rape zoid. has an , altitude' of. 7. Inches; and the* average . 
'^l^^ ^nf^- -hh^^wn bases- is: lV i nches . - TfoB area is , _98- ^square ~* 

inches, . • ' • - • . - '■ v;./ ■ 

. .1^. .One of. the five congruent; triangles Into .which a regular^ 
pentagon Is. divided "had' an area of ->13.5 ; . square Inches. 



,3Chc.,area of the pentagon 1 s 67.5 



1$.' 

17. 



If two plants are parallel' the distances from different: 
points ; of ; one plane to the other plane' are equai ' ^ >7 

: .* :- ' « ** . * * " «•'. .•*" • • * * t * * 

If a ]|ine is : perpendicular to one of two parallel planes, 

also perpendicular . to f the second plane ' "' ". V.'"' "~ " 7 

asure of the edge of a cube is 4 inches* 
e area is 9$\ square inches. 



it is 



The me 
surf ac 



18. 
19. 



The 



The formula for the volume of a cube, is 



•V =» S 



-4; 



, A .triangular right, prism has for Its bases right-triangles 
the lengths of whose sides are 6 inches > 8 inches and 
10 inches.. The lateral edges measure 15 V inches/ The, 1, 



20, 



21 



408 



square inches. 



surfacje area is* 

The volume of the prism in Problem 9 is_ 
inches , - = : . 



360 



cubic 



An obiique prism has square , regions for bases whose edges 
are i|v Inches in j length,. The distance- between the bases 
is Ihchi^.^' The volume is . 63 cubic Inches, 



x 



22. The radius of the b ; ase of a 


right circular cylinder 


is ; • • • ' 


8 feet and Its. altitude is 


3 5 feet * The surface 


area. 


Is 6p8tt square feet * 
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.V*-:r?vj,>i.=>vf.. r :,--':-«:>^ 1 ;^ i- 




the volume is • • : .: , 224Q7r 



&u vie ■ feat 



:; • ;. V 24. .In. Problem 22, if the' cylinder, is op ? en -a* one efid the. 

Surface,' area, i s , 6g^_ B quare 'Ml^^MMM 

•ri- v wj ' '-,.-.-.>'. .;. -..i „-- ! •_• '>.,- ,•>-• 1 >-.-<--» 



have ^ases, ^hat are;equa3, r ln mea^yge ; 
and volumes that' are.equal in measure"* -How do, their al r ti- 
" compare? (Use <* and ' 1} g \ 



,:i:r^,V:^:^);^::V:--^- 

£*»5^i«V.5vs;;.j-:v,?.4; *'.• 



.'26. 



(a) 



A cylinder and a cone , V ^■■■•J 
^i^JJ^he .i^lt itude o f v the., cy^lnder^ 
of the cone. ••' ;•;>*'•' : 



< the?alMtiIde 



A prism arid a cone . 7 
v . The altitude of the pris m < 
the cone-. ■ ■ — r 



i 



the altitud^ ;: of 



:(c) A prism and a cylinder. ;\;/r- 
The altitude of the pris m:"' ^ 



the altitude- of 



(e) 



(f) 



the- altitude. 



A pyramid and a prism, > 

• The altitude -of- the pyrami d ^ > 

of the prism. ; .; • ... , 1 ;^ 

A cone and ' a pyramid . ■ ■ y • ■ 

; The ' altitude of the cone - - the altitude o^ : the 
" pyramid, ' ■ \T* ■ : '\ ; ;, ?-y 

A .cylinder and a pyramid, _ ' % . ' ; \ • ."■ 
The altitude of the cylinde r < t he aitltude:';of: iv 
- the pyramid, ^ , V ^ 

A cone whose base radius measures 6p em. has a slant height 

1 " met er 



which measures 
sq. cm. . ■ 



34 



er|c 



.1 



••'•'- v -- — ■ *■■■■••-> ''•^k*/i^:i«:^f^.QOR'" * 



v v ; £7 A " cone whose" base* radius 1b ( 2 1 inches , has an • altitude of 
^^"-'^ e*ubic* inches , 




4 / inoft#iy and 



^|pga| ; gp which- measures 

^^^^Jl^^^^^ g /ffbfeA ,- feasfu wh o se s|de fneasure, b: >ft" : ^ohp^and ; 
p| > ; . Whose altitude measures si . inched Its: volume is o i 

H' ■ or 16§ 



... -XV 



cubic inches* 



ff 




-J-5- 
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• ; --V; jaoi> ■p^dve^: .in;.a formal .manner , two p^^^^^J^FS^&S?^^.^ 

i,- To%nircteuoe and use the formulas, f or the volume and area of "■■ * , 

S¥-;.-- :: 'a"' sphere,'- -In this connection the. teacher ;.93^1^^.^;¥J^.^.*P?^;^'^ 
SJ*oft£SiS: useful : the "ehapt er. on the sphere ihr J" Co^Qept s of In- 
"f^mal "Geometry 11 by R. D. ■ Anders onj; ptudie^ 



; , ;,; Volume 5 of the : School iathematies Stu%"Group,J 

-Although many objects - commonly 'used: in ■ eVerday: living ; a|^e " 
^sphe^c«I we- usually f^ 

the definition of : a shpere or' to^ne study of its ^o^ert%e0:;:-^^^ 
deed, the shape of the earth ^fomld : bi sufficient ireasoh f or tde-^ 
Voting considerable attention to s tudyirig ^he: r spliere,- ;^T*^/;""^ 31 
Many pupils display strong . interest in the ^ study 'of, locating ";■[■■.{ ■ ;j 
poiftts 6n" the; surf &m of the earth, £his interest -can: be ~- ; moti-V 
vated without intrpducing extremely difficult .ideas' ^a^^^wi^-';^;§ 
tlo^ ^Tim t^aah&r should capitalize on this interest as, much as, ' " '- ^ 

Wire loop ; 

Pdintsd : liqctV- 

' ;>^; . / 



possible. . ; '"■ ■■ * ; 

v { Teachers may find it helpful 
to encourage, some pupils to make 
models* of spheres * In Sections 
"5, arid 4* it would he especially 
4ie^£ul--to ^hav^EiEuc las s^sizs^jwirjei 
model- of the eartli/ using lengths 



Parallel Painted 
Red 



' of Mr e ' t © r epr e s erit the equator, 
2 ;pa^ meridians , 

• etc*:; Perhaps, a -pupil who has 




t n las© 
or Support 

% - sdder Joints 1 



painted 



Meridian 
^dirvteid Green 





. M :-.^-..v- ;V."' '.' ;.." ,M >V 

;v > ^great ; "difficulty^ understanding properties of ttie sphere' whe ft ?$lt&uj*- 
; '." 1 " aW^fefresentetT In i?6.$h6* abs tract fashion would find it/especially 

.' helpful vt 1;6" construct such a wi^e models ' „.; ":' -"v.. 

: >'.< : >\: * Thei ^ number of days, recommended for! ^his ohapt;#r is 10 ibr 11 



'V, .not ye carried away by the geography to too 'great; an : e?terit Of 

P .course; if \tliis^ cbuld be carried over into geography classes , 6b6p-^: > 

eratiyay, ; time could be saved and interest heightened in both , 'r ^ 

■^'.'.'■^•■-.'co-ursefeS'i- v -. - ^ • . ,' •=•■ 

: ' ' . -^Vv- -v." . ^ , ■ - • - -. > - . • : 

ri - . . - ; ;.' ' • - ( . , '..v." .; v. ; ' , ,; • \; ' ; ' 

g-r - 12^1 , Ihtyodmction ' ; - ';\ ; 

:•>%,. ;-o.-": The purpose of this section is to start the pupils thinking " 
r :;;^. in tepns of a sphere. ' Each pupil should have as part of his equip-^ 
menti ' a ball, or, other spherical object, on which he can draw cir- 
' cles and- over which he' can place a. string to trace paths of circlfes. 



.Also, the classroom should be equipped with a large globe and a 
.. spherical ^ solid. The spherical solid should ,be larg# enough for. . , 
^ ^generai classroom use and should be painted or covered in such a ^ 
way that tlie teacher can draw lines on the surface* >Such a sphere § - 
-will be extremely useful, in. all sections of this chapter.* ; v e ■ 



Answers . to JExercises 712-1 



1*' Basejbali^ basketball, .softtiall, billiards,- bowling, 

' croquet, Igolf^ lacrosse , jai-lai, so-cTrer , tennis , iharbles / 
• C polo* volleyball, water polo, ping pong , ball and jacks, v 
handball, tetherbali, medicine ball , ' beachball, cagebatll ♦ ; 




2. Storage tanks 'for petroleum products , -halioons , in:' ■ 
. toys , .weather balloons , -'lather pMhetsy" satellites,: 

A bobber, or float, may -fee spherical in shape when using 

a~XQtli^^^ ^- ''^ 

.v - •• ■ ■ ' v \\ ■ * , 

Floats for nets are sometimes made of hollow, spherical 



metal containers, The IT. S. Navy used huge spherical; 



■v 



:pages 4&5, 



V *Y<- 12-2* % 'w - \ ( ' 331 

, - % m I some light - -f ixtures-o.bris-ist of a. su^ertded '.'Sphere •/; -,;^ome, . 
• valves used in pressure controls # . etc. 9 ' "lis^ 
or spherical parts . =.•■'-;.. / >;h^?*?s 

oircle ' ' l \ • 



"V"'. . 5.V - **- A a) 



" : (c) no. thickness , ;;• 

6* -For .instance, a solid cube. , . ; : -;-:'<v- 

7 , W i^, sfehei^; ; 1S^ a set ( of points \in space such 'tfrnt all points ; 



0* 



id galled" the center of the sphere. 



, 8.' V; (a) The set of points Is the; inte 

^%b) The set^f points 1b tM exterior "of Vth'e. sphere. 



12-2.' Great and Small Circles. , ' 
" This section 



tion' is oh^ef ly, c'dn^ea*ned with the ,intigrseo||&ft|;, p.f /. . 
,nes a sphere.. It will be necessary to recall ^ 



lilies ^and planes *rt*h a sphere-. It will toe rtfecessary to reca3 
i^,''^.1Ae-material^Vrese-nted in chapters covered previous^ %hich 
lia^^th g|omeJbric ideas, ' ifr is »expeoted that most pupils-wiil-r^;™' 
accept with^^^y question that the intersection of a plane a and a 
sphere is . a^d^r^le , However, ; a proof for this property, is out Jined : 
in Problem 8 of the exercises fgp this section . - ' % 

The exercises here are exploratory. Not only should they be . 
worked on Offside of 4 class, but they Should serve m & basis for " vf 
much of th^ilass dispussioniat this time. It would be appropriate, 
to spehd two^sgr perhaps; three class days on this section since r 
thinking about : surface of a dphere will jbe^fw^to' most- of the 
& - nuplls . '■ The tim&' spent here in informal consideration should save 

^b^^j e, .,a g l,„ ; .-.-,.- y ,. - .,., r -- v.... : , , ..*.«;„, .•„. > ^.,._ rr „«^ ; t-**. — ■■ ■■■^ 

• time later on. , ,';^'* « ..';. .... 

1 •- • ' The ideas of meridian and parallel of latitude-' are .touched on v 

lightly. here beblfese of iheir connection, with great ai^d small . 

system-pf~.refer.ehoe. r dn..^q,ci^ 

points is discussed in Section % _. 



as 
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•■V". = *f ', : " 



' 7 % "** ^rerjr ppint oh a v sphere has an ;awtippde. ; 



point; on a spheral^has oialy 7 ©n$-^ 



, vj:^;<vy (b)\)rtt is farther from A/ to BV 

1 (e) .*No, There % is no point on a straight line through-^. • 
Qli '/ vi <\ ; the., interior more distant than B because the • : \ '"■"■>* 

. — ■ ■ : - ' f eirble with center at A and radius AB tcmches^ v ^ 

■'. . - ^ : v : \- • • " - , ^ * • •, v,-,— ■ ::-:^V" 1 ^ 

i ' .-VV thle; -great circle through A, ,and v 

. • . • • ' « * ' : v . ■.■'<, " . * ! • •• ,L . ? t: * . /• v - v .''••■"•* " : '^-'-<- 

A poin^t : B # ;/ There^ is no polity "on the great circle 

--v? .■.' t . ■ ' ' : "'=*. •• • " v '•. :. V. 
moi*e distant thah B measure^ on the great circle t,. 

since B : ^is half way around." y . ; '^'v.:.,. 

Yes . ' ; SiticQ; ; A and B are ahti^podal points they : , •: " • 
are-^poiiit a, , on ..ajlin^^ segmeht^Qntai 

great elT^Xe must be. on a ;plane cohtairiing P-*;'^ > 
Such a v pl^he contains TO and thus conta,i:ns ' - ; AB ■ - : : 

No. A, • C v and D are. thi*ee points in a plafte but 
'are not in a line. Only one plane can contain f ' 
three such points ^ and that plane ^ 
contains the great circle shown,. No great £^ 
can pass through A^ ahd D i^thout 

Such a plane passing .tKrough/ C - ' must contjain^vfi. t ? ; ■ 
More > than ' any number you can name. - . ■ ? 




More- than any' numbed :^u0att?name i 



(^e^^^i ^Antipodal poi 

a circle. Hence, the plane of Circle ^ on the' 
Sphere »thro\lgh these points Contains : ^the center of - f ; 
the sphere '^and hence r is the plane -bf a great circle^ 



erjc 



• !• ^; 
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^a)^No;, One example would-be small circles; on parallel; J : 
pl^n^s' intersecting^ a sphere • , There are .others • . ^ y 

(to) Yes^ Consider two partltitilar great :eircles#!^Each; ■ 

-\& - ' . •• ■ ■ - • • -v.'"- ' '. - :? ■ ' ' - 



the sphere* 3?he intersection of these planes Is a 7 
ilne since; the " iKt^seetion *±i ~ not empt^t it 'con-- ? 
tains * C) . * * This line contains 'a-^lameter whicl> i€ % t$ : 
also ^ diame tlr: 'of ; e&ch gredt ; circ le v > . This v r dia~" W 7 • 
mete£ contaiflt f K pair ot aritipod point B • V - The s e 
; joints lie on e&eh great oi^pl§ # Hence ^ 
; v great circles intersect * " ' : / ^ . 'v.* v '~ ^ ' ^ v 

(u) ; . . pne : ^ A meridian' ^is*' a semi^ij^^ (to 

. . circle)/ from pole to pole and thua is a , curve, on 
only a half of -the surf a^; of a sphere, ; * ; ; . 



(e) No., Pa^da;$el planes do not intersect i 1 Hence Jl; 

; , _ Qiroles oh 

.• ' ' ■ •-• ; ' '• ' • V ■ -> • - • t ^ ^ ; . • . , • .-. 

( r a) • D is in the interior, of the, sphere . * ^ ' v ^'^/^ 

(b j : N® ? . ,E r^ght be in the interior ;of the sphere^that^ 
. is, Just *beyorid . W.^ on the line j^ut it might /fee in y 
the Exterior ©f the sphere, - E might a^so be on the 
• sphere, antiptedal to^ A. ' • ' • • 

(c) A) line passing through the c enter of the sphere - 
>^ intersects the .sphere in^ two distinct pdints 1 which. ? ; 

; # fc are antipodal; One of these is- A. T . ■ If B: is dh: 
' ^^^ ^ fend 

^1 the antipodS * of A. ^ : **V; 

(d() Yes> by -definition of * antipodal points . * ^, ;.- 



, jpai^r^2-?§4 — • 33ijf ■ - * 12-2' 

7* , ^0 interior of a sphere is the set of ali points 

' V in space including the center itself* such that 
the .distance, of each point from the ceiyber of the 
sphere is l$ss than the radius', 

■V (b) The exterior of a sphere is the set of all pointl 
. ; in space guch that the distance of each po^jit from 

the center of the sphere is greater than? fc the radius . 

(c) A sphere is the set of all points in space such, that 
, the distance* of each point fpo.m the center of the- 

sphere is the radius (or, equsCl to the radius)* 4 : ">J **.,.. 

1 _8 _ ( a ) 90° # W is perpendicular w to. ; m;, ... _ThUB/ "..^^B..^(9r^ 



pendicular to any line/*dn ^t : ,? # 



^tS^^ A right angle, 

: (c) A right triangle. The union of three segments de- _ 
termined by three points mot in a straight line 
defines a triangle. Since one of the angles in- /; 
volved is 90°* ARC is a right triangle, 

" (d) 4 They are the sajne. Both are right angles, t * 

(e) A right triangle, } 

C 

. (f) AP * AR. ■ 

In A AGP, (TP) 2 ^ (cF) 2 - (OA) 2 '*V 

In A ACR # (M) 2 = Col) 2 - CPA) 2 

Y£ >•« ; T -4 'But OR = "CP (Ra^ii of .the sphere) ■ *■ . 

_^(g) The results will be the same for any point of the 

intersection set, "■■ * /fe' 

-:;\/ ;:« 

• * (h) All such segments are congruent, fe;-^ 



(i) Yes, Because each point of the intersection set is 
v* thf same distance from k f thus defining a circle, 
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if, » 



■ ^rbtferta^B . of Great : girples,; '* 

f^/^ the most important in the 

'ohaptepi-v % to this p^jftfi^ ^the^ackgroimd was in the process of 
feeing dayel0p#d # Afte^this section , the "chief concern, is in the 
app^oation of t these results. 

^e^^LQ^vfcest 'pathJift a plane between two points is along a 
ratite&ffity ii^e, and the shortest path ori , a sphere between two- points 
is ajiong a great circle, Hence, the importance of great circles, 

I No attempt is made to prova .either of these basic facts,, 
Although this property of a great circle may not be as obvious as 
that "■ for; a straight line , some experimentation should make it seem 
* r easoriab le^ E^pi Is- Should be encouraged; to experiment with %Lingths 
of spring arid a globe until they become convinced' of this-v 

In many other respects, great circles on a sphere behave quite 
differently from straight lines on a plane, Any two non-antipodal 
points determine a great circle, btit each^ great circle, intersects 
every other great circle in two points., These are the fundamf3»fbal 
f acts proved firi this section* ■ $y 

With these results, the pupils should be able to go back over 
the previous set of exercises with greater under standing, They 
should, then, be able to pin down the reason§ for some of the re- 
sults which may have seemed cPoubtful. This should -be done before 
going on to the applications. It might be advisable for the 
teacher to pause briefly at this point and review the previous 
exercises, 

i . f 
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Answers to Exercises 12-3* 

, • (a) Using "a globe with diameter 12 inches, the dis-' 
tance is' about 6 £ inches, • .' 



'V 



er|c 



(b) About 9'w inches on the above globe. , •* 

(c) The great circle path is shorter. 

2. (a)" About 8w inches. 

(b) About 12. inches. . "• . 

(c) (b) Is longer than (a) 

v _ — TOi© "toest route" asked .^op^TO-WOUld^A-AJ^tw!;-^-.,. « T 

opinion. There Is no shortest route in the sense' that 

' these two points are antipodes. A safest route might be 
to travel directly north from Singapore. This route 
offers more possible ."crash-landing", places as much of 
this route is overland. 

4. . The shortest path "between tjfo '-"points where Tone is due 
north^of the other is' a great circle .path through the 
North Pole. . . " ' . . . 

3, (a) The results in Problem. 1- may be used to verify the 

fact that a great circle route is shorter than a 
route following a small circle. '* 
(b). When traveling between any two points on the equa- 
tor. ( '.; ' ; , " . p 
6. Np. Three points .in space determine a plane." Any plane 
containing- three points on a sphere intersects the 
.sphere. Since the intersection set of ^he plane is not 
. the*"empty set or a set of one point it must be a circ-le. 
If the plane passes through the center the points: are on 
a great circle of the sphere. Otherwise they are on a 
small circle. 



a: 



'. *7> White - a polar bear because the camp would have to be 
v • / close:- to th4 North Pole. If the camp were at the North 

; ■ .. Pole, he woulld go north from any point to get back to 
%'.]]■'■; .-camp. A second possibility might be that he had his 
...... v camp two hours walk north of a small circle whose length 

/.. J : , . v • was; 12 miles, in which case he would ..shoot the bear at 
/. ■'■ , . 5 the?' point where he started his eastward trip, A third' 
K : • possibility would be that the small circle had length- 6, 
'miles so he would* go around twice. In fact, the small 
'. ' [' "circle could be of length 12/n miles for any positive. 

: ' : integer n. Except for the bear, the camp might have 
_ _ been in the vicinity of the South Pole but there are no. ■ 
' : bears in the Antarctic, 



12-4. Locating Points on the Surface of the Earth ^ ■ 

This section is concerned with setting up a coordinate* system 
on a sphere , In order ' to have a coordinate system on a surf ace ^.^ 
it is necessary that each pair of coordinates locate a unique .point 
and" desirable that each point have a unique pair of coordinates , 
The results of the previous sections show that the usual system of 
longitude and latitude has these two prgperties except for the 
Nopth and South Poles and points on the l80th meridian. 

■ /Because the system seems so obvious, the use of meridians and 
parallels of latitude' in locating points on the earth is generally 
treated very casually, it is all too frequently assumed that be- 
cause a pupil can locate points by this system he understands the 
fundamental properties involved. Or, the,, a is no concern about . 
•such understanding. This section attempts to bring out several 
important ideas: 

1. That such, a system uses a reference line for longitude 
and a reference line for latitude. Any meridian may 
serve as a zero meridian, or reference line, but the 
Greenwich meridian has been designated for this purpose, 

.. Similarly, any parallel of latitude may be used js a ; _ 

reference line, but vthef equator has been designated, and' 



with. obvious advantages, as the line of 0° latitude. 

Directed movement on the surface of the earth is done 
-with understanding only when locations ate known. That 
is , to guide something . or someone pn earth, 1 one must 
know where the starting point is. 

Longitude and latitude help us locate points^ o^yarious 
hemispheres, but there is a subtle difference in the 
notation used for longitude and latitude, For longitude 
we measure east and west from .the zero meridian ( Green- 
Wioh Meridian) to the l8o° meridian. For latitude, 
we measure north or south of the equator, but stop at 
the poles (which may be thought of as the 90° parallel- 
except that they are points, not* circles)* 

Students interested in astronomy may be encouraged to 
learn more about the Tropic of Cancer, Arctic Circle, 
etc. It mJftit be interesting for some students to pre- 
pare reports describing how these lines came to be desig 
nated, how they received their names, and so* on* Also, 
students interested in geography can extend their study 
of antipodal points* There might be some cooperation, 
at this point, with the teachers* of science or social 
studies* '■■ . - . , > 

o Exercises 12-4 . ' 

(a) About 74° W. 4l° N, , (e) About 2° E* 49° N. 

(b) About 88° W, 42° N, (f) \bout 38° E, 56° N. 

(c) About 122° W, 38° N. (g) About 42° W # 25° S. 

(d) About 0°, 51° N, (h) About 144° E, 37? S, 

0°, 51° N, Greenwich is on the zero meridian, 

42° E, 0° t . Any point on the equator has a latitude of 
zero , 



4- 
1 ■ 



.■'.•"X. ; : , " . . . ■ . 

4.; (a) The dividing line between U.S. and Soviet Troops 
• -in. Korea was fixed at the ?8th parallel by the Yalta" . 

and Potsdam conferences, After the Korean jfcfar the 
, the dividing line was set at approximate lyj^his line,. 

. '(b) Most of the states haye^at least partial boundaries v; ; 
X along parallels of latitude. Among these are : .,*; 

(1) Northern boundary of Pennsylvania at 42n&, 

• parallel j ■ * 

'" (2) Northern boundary of South Dakota close to 

. 46th parallel] ;/ ; ;' ifSpl • . 

• - (3) Nebraska - Kansas -boundary- at - the r 40th--paralleL; 7 

(4) California - Oregpn at 42nd parallel. .;. ' 

(c) In 1844 the United States claimed from Great Britain ; 
the whole of the Pacific Coast as far 'as Alaska, 
that is, to the 54° 40 » parallel of latitude and the 

slogan of those In .Oregon territory was " f if ty-four ^ 

' forty or fight" but In the Oregon treaty of 1846 , . 
the boundary was fixed at the 49th parallel. .' 

(d) The Missouri Compromise provided thB.% except in 
Missouri, there should be in the Louisiana Purchase 
no slavery north of the j56= 0 parallel.". 

(c) The Mason and Dixon Line was originally the boundary 
S ' between Pennsylvania and- Maryland which wa's by 

charter supposed to have been the 40th parallel but 
was In fact a little below that. The .Line was even- 
tually considered to be the boundary which separated 
"slave states" from'' "free states". 

(f) The complete name for Ecuador is "La Republioa del . 
Ecuador" which is SpanlshTjor " The Republic of the 
Equator" . ' 



i 



;. ,J ;i ,.., i5r * .... * 



ERIC 



p&ges 50^-'b06- 



340 



.it , 



5. 



6i 



7. 



(a) 
0>) 
Va) 

"(b)" 
(a) 



Buenos .Aires i Argentina 

Wellington, New Zealand " 

Pus ah, Korea 

Madrid, Spain 

Buenos Aires is located on approximately the 
antipode of PusanV Korea, 

Wellington and 'Madrid are located- on points which 
may be considered antipodes. 



(o) 



8. 




These points suggest antipodes . 

Answers will vary, For most of the cities located in 
the 48 states between Canada and Mexico, antipodal 
points will be located in 
Africa and Australia. 



The northernmost tip of Alaska, 
The North Pole, . 
The State of Hawaii, 453 
Guesses . 



Indian Ocean between 



20° M. 



(a) 

(b) 
(c) 

(d) 



Reno 4s at about the 120th meridian and Los Angeles 
at the 118th, -Hence* the meridian of Reno Is west , 
of that of Los Angeles, . #i ^ft^, . 1 

A little west of Quito* E^^Sa^r^;:;; 



The latitude of Portland^' Oreion : ^|4^6 j ^S&fr.of ^ 
Seattle is 47° j that 
Portland is the closei 



The 
OasabI 



latitude of London is 51* Madrid is * 

tblanoa is 33 • Hence* Madrid, is oiosest, --^fefcj^ 

.Y ; :^m1^:*0> Various answers* . ... ;- r 

P^b"i--^^^^ } No 9 : A point on the sphere determines the intersection of 
^Li)^^V."c^>^ A ; ^.m .parallel of latitude and a meridian. Only one point is 
"a .V i< V," \* * ;Vv "determined by each such intersection* 

mvKH^ 4** • * : : - ' 

O Vt^-V V JvViV^A- •■. , . .... .. 

ERJC :^ i-i '■ i' ^ .a vfe : v.. ■ 
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' . *l6. Yes. The North Pole and the South Pole. Both the poles 
W have a latitude of 90°, one being south the other north. 

However, both proles may be thought of as having an in-» 
: -'..finite number of locations with respect to,, the jsero 
• ' meridian. Also any point on the l80° meridian would be 
•both 186° W and 180° E, ' \ , ./ '.,* 

*17. V To f ind ./the antipodal location of a point without using 
1 a map or globe > observe the following: 

" (l) The "latitude will be the s t ame except for direction. 

\ r That is', for 45° N # the antipode will have latitude 



^° 3..V ' 



(2) For longitude, compute the distance half way around 
the earth from that point, tha^t is, the antipode 
must be on a meridian l80° from the point. Subtract 
the longitude from l80. The difference Is labeled 
with the direction opposite to the ,o^|g|nal longl- 

,/ ' : tudel" For example.: ' to "findjpe^ap^ode meridian 
for 4Q W W. 180 - 40 - 140, -^The antipodal meridia^ 

•J is 140° E. 




(a) 100° K, 25° ». 

(b) 80° W, 65° S 

(c) 0 6 , 49° N, 
Note: The answer to 17 (c) is the location of 



x 



Greenwich % England . 

*l8; s Th& Tropic of. Cancer is approximately at 23 ^° North* 

This angle is the angle of maximum tilt of the earth's t 
axis and the Tropic of Cancer marks the -maximum disJ&poe 
north where the sun can appear directly overhead, II 
Artie Circle is approximately the southern border of the 
' 11 land* of the midnight sun" , that is, where, on June 21st- 
the sUn does not set, Actually due to various inaccura- 
= ~" s ' di s c re pan cleh "this phendinehdn exists somewhat r 
below the Arctic Circle, ■ ' -■ ; 
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*19. The' International Date Line coincides with the l8oth 
• ' meridian for about half its length, Elsewhere it only 
. -. approximates this . * 

*2G* The locatioh of the Antipodes is about l8o° W and 51° 
; / /. S. ; When it is midnight at Greenwich, it is noon at the 
Antipodes because the islands are /"twelve hours around 
\ th _ e earth, 11 When It is the middle^ of ^pmer in Greenwich 
it, is midwinter at the Antipodes because of the tl^Lt of 
the earth, - No, v v " 



?■■<>- 



- Volume and Area of a Spherical Solid . 1 - . 

In the beginning, some Attention is given to a very rough es- 
timate of the volume of a sphere by comparing it with that" of the 
inscribed and circumscribed cubes, The latter Is quite simple/but 
the teacher may not want to lay much stress on the former* Tme ' 
proof for the formula for the volume of a sphere is given in the 
reference mentioned at the beginning'' of the commentary for this 
chapter* *Thq teacher may want to show this to some bright student* 

No attempt is made to justify the formula for the surface 
area* This could be indicated as follows* The volume- of a pyramid 
is one third of the altitude times the area of the base* Hence, if 
the sphere were thought of as composed \of pyramids with vertices at 
the center and with bases' little curved regions on tjie sphere, it 
would seem reasonable that the following would hold,, 

' ' V = i r-A 

where r 'is the radius of the sphere (altitude of the pyramids) 



4 ^ 

and A is the surface area, Then since V - w 7T ij the formula 

P 

for the " area follows s 
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Answers to v^eroises 12-5* > 



1 # / (a) 115 ^ cu * ln * ( e ) 735.91 ou. in=. 

: / ; (c) 268 | x cu. yd. ,v (gi... 2:485, 71 cu. mnu 1 

: '\ :(d) 905v^ cu* 6^. * (h) 310.46 ou. ft. I , , 

\ \ Answers to ( e ) > (h) w &re given 'correct 1 to two 
decimal places. 



2. Answers to the following are given Street to no mor< 
than two decimal pjtkces* ■■' . ' K 

V A 

(a) 115.04 sq. In. (e) 395.88 sq, in. 

*(b) • 1056 sq. ft. -■ (f) .547.11 sq. In.-' 





(c) 200,96 sq. yd. (g) 886.25-Bq, mm. 

(d) 452.I6 sq. cm. (h) fik^sS'sq. ft. 

3. (a) r - 25, surface area = 785O sq. ft., number of 
.' gallons of paint Is 19.625/ cost $117,75. 

(b) Volume Is approximately 65,400 cu. ft., number of 
\^ gallons of oil is approximately 491,000 and the 

value of the oil is approximately #63,800. 

4. Volume of the bowl is 1024 cu, in,, the weight of the 
( , " sugar is 52 pounds and mother pays^lggpO. 

5. r is 9 in,, the surface area of one globe is 1017.36 
sq, in. , and the total cost of the plastic is #353.25. 

6. r = 20 ft,, the volume of the gas is 33493.33 ou * x>t - 
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:'i .3$ ';W>*w-;-'\. » feh The volume .is. multiplied by 8 since 

; : < '-r-'r | »^f>i * car 5 ) = e$ * P). - 

;•-:;—/// \: - ; - •'. The surface area is ^multiplied by 4j s^ft^e 

'-V • Vir (2r) 2 = 4 ir (4r 2 ) ^ 4«(4v r 2 ), 



^1 



. .v 



" it 



(b) The volume is multiplied by 27 and the surfade 
area, by 9, for similar reasons* 



8,, , Call the radii R, and^'r. 
(a) The volumes are y 



Volume of one spher# 
Valume of other sphere 



Then £ |. 

5 and l A*ift 

ii _3 

= ? _ ^ 

5 



and 4 s6 
3 i 



2 & 
ie surface areas are 4 ft R and ^4 if r , 



Surfaoe area of one 
Surfaoe area of the 
other" 



2 ... 



k y ,R 
4 ^ r 2 ' 



R 
r 



ao 

2 



9. 



The following results ware obtained, by using a regulation. 
, softball and standard half -gallon^ PJ^* milk carton. 



Carton." 1 " 



Sphere: 1 



d « 3 



,1(5" 



r « P;: 



29 

or IE 
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Water level raised '» 1 
Volume 24*6 cu. in* 




r 5 « 



52 



'A 



345 

(using * f. ■ • ;.. 
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24i6 + 18.0 « I.56/ shoving 'that the constant is 



aboiit 

5\ '3, 



12-6 ^ Finding Lengths of Small Circles. . ■• ■ 

; ' T^iis •jeetlori is not an ises^ntial one/ but |t^giyes a pupil 
the means of computing the lengths of circles .o£- |atitude given inr% 
Section 12~fe It also gives him a, chance to use* again the trig- 
onometry^W^ was dev.eJ.oped in the, pr^vioue .chapter, .v^ 



•^€v|v Answers tfe- Bxeroises " lg-6# 

1, (a) 24150 miles ' ' 
/ (b) 6470 miles 

t/, y \ (c) ' 17680 miles 

2, (a) 6.2165O miles 
v /|b : Jf ^0825 miles 

' * *» t '''"(.c) 10 degrees 

: %(d) 
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10 

THo 



(e) 10 (10825 miles-) a* .6.00 miles 
600 



(f) 



TOO* 



hrs, =1.5 rirfl. = 1 hr. 30 



3. 



'(a) Distance « 5190 miles, 
(b) Distance « 4260 miles. 



52 



. < ' " >.K 



v ;: . ■ . - . : ' ; ' '.; 

TRe earth makes one-half of a revolution, in 12 hours*, * 
. We might s'SLy that the longitude of the point on the ' \. 

sO 



* %&rth "directly under- 1 the sun changes "by 9 3*80 f $n ,12 
hours v Henoej the I 
and the answers are : 



*%oursv Henoej the longitudfe ehtfnge is 15^ per'hdusv 



(a) Since the difference in" longitude . is 60° the sun-/ 
time difference is 4 hours Thus t'he sun-time at 



70^ W is 3^00 a.m. 



' (b) Since, the difference in longitude is 80° the** sun 

■* 8o " ■" i - 

time difference is , ^ ^hours, or 5 hours and 

1 - ; , 20 minutes. Thus the sun-ti%e at 10° E' . is 12; 20 

5 # * The longitude change is 80°, which vis equivalent to 
, hours atod 20 minuter ... - .' v 

••' . (a) The tirfte when the sun is "directly over" city E 
is 3 hours .and < 20 minutes. t)§ tore ; -7 ; 00 a.nu , 
that is l.: J IO a.m. ' ... ■ . „ 

( b ) . No . All points having' the same longitude' 'wf!^, hav 
J< the same sun-time, • fc 

- %'(c) sfte (b) ■ ; ; .V./ \, : ' : '\ '.; ' V'? 

The length of the circle of latitude at , 40° is apprpx-^ 
^".•.^^imfiltely 250QQ(cos 40°) igigb miles. /. - ' 

This will be the approximate distance the sun mdves/ --*' 
relative td the earth 'at this latitude in 24, hours. 

Hence, the distance for one hour's 'difference in sun- 

i ■ '*■'».. , . • • • „•■ - to. 

e 'will be , . . . • • " . ' * 



- \ { > - ' ^11° * ! 800 miles/ : 

A is approximately " 8o0 j^iles east C(f ■ B# 



i * -■ $\ • m % i ' * 



3^7' 

v 

. * Sample Questions for Chapter 12 

Part I . True .-/False. . ^ ■ \ m , 

T 1* All points on a parallel of latitude are the" same dls- 

tance f 5m the North Pole, * ..." . > % 

F 2, The North Temperate Zone on the earth's surface is' bound- \ 
«<ed by two great circles . . . "■\ v ^ 

p 3« ^ All: points on the zero meridian are the* same distance " U v, 
. . - i;; frpm the equator. ' • V. ''. . v| 



J/- T 4, All diameters for a given sphere have the same length, * > 



SI 



T 5.- For a giVen sphere ^ the center of, a great circle of, the 
sphere is the center of the sphere. t . . 

j a ; .6. All small circles of a given sphere have equal" lengths. 

% , 7. r. ' For a given sphere,, two great circles* cannot have ,the ^ 
. . '. .same, center. . , . . ... 

T 8* The diametep of any meridian is an axis of * the sphere. ■ ... 

— ". *■ ■ [ : . . ' * 

T 9V , All great Circles passing through the North Pole must, 
C ■ pass through the South Pole. 

F, 10. The intersection set of a line and a sphere must contain 
two points, assuming the set is not the empty set s . 

T 11. A plane which intersects a sp^^e^in; only one point is* 
" ' : . * said L to be tangent to the sphere* * 

T 12. The radius of a given sphere is R. If a point X is 
located a distance ' 0 from the center of the sphere, 
and G > R, then X is in the exterior of the sphere. 

T 13. If the radii of two circles of m given sphere, are not; 

equal, then not both the circles are great circles of the 
" 'sphere , 

p 14. Parallels / of X latitudes lie on planes; with are parallel to 
— - the axis of the earth, ......... - % ...<. 

" ■■-.> . i ' , - - 



-s4- 



...i s ... 



Iftrvr • raw. »• • ' 7 • t •• 7- r ■ >• ^;7K-~f; 
• ,5Jh6 longitude of the North and 'South Pol'es is/, usually.. * •; /; .:, 

^.^^Lu-: f ^.^l.^ . .. ■ . - • • • • • •- • • .. V : ,, ,. : „. . :,.•*•.. ...... *' , - f , ■>■ ^ : . ^/ 

written as 90 *, * * ;. , ; .>•- 




2Cfc!;;:.lg.'.,:;5Che Jftterrattiohal. .pate Line follows, part .th«; i80°^ t ^::T; 
meridian. 



li v. " ; ■ T -17 • *'The f e.itiee^O^ New ..York .&nd 'London ari loo at ^ as\^ir^^ ; ^* 
V 7' ~ , on a globe v Only one ^feat Mrbli may ipip,thrdugh , (i ; i 



these ti^^^>lrit^ * 



4 * v '" 



^^^..^^^If t-a .point. is:*looat edk.afei L X 1Q.O?.EE,,.4.0° if ' :it s / arifeipodm 
;is; • located at ]^0 o ^ 

19. . Every ^reat circle df m sphere ^as ^itB 6entS3? at the * 
' center of the sphere, • ' .v- >: > : •"• N > ^ • 

20 • The line thrgmgh two cancers t)S small oirolea pf a H / ; 
. sphere must pass through th$;-;cehter of the sphere • 



jiF. . ■' ■ V 21 * ,1 Jterougb any two ^polhtft , ofj a g^h^re there Is 'Just 



small; circle # " 




P' 22 . - Througlv'any two, poihtl ; ot- a spher^*^ere is at . least^ ohe ^ 



small circle, 

P - 25 . , If you doub ie the radius of a sphere* yp^ double its 



' surface area, - ,J • "' c ■ 

T 24. If ^ou double the radilus of a sphere you multiply its * 
|s .= ; volivne by 8. , , - ^ V ^ - - ; 

T 25. S\?ppose thS center of, one small circle* is just &s far 
' ^ /Ifrom the center of the sphere as the center of .another. 4 
^ ^sjjiall circle .V l^e lengths of the circles must; be equals 



1 



•55; * 




the following* statements is; true? 
itrea of : a •;&p^@re is equal- to 



area of 'a aphere^is equal 1 to four times- the area 

oil 



L .v:r.;r ,.^;Vi.i7"--toie'are^f.'-a sphere is -equal to eight times the 

. . , . arear'of anaf • small • Glpol& : of- the. spKere.- ,: . .- • • 
V # V' .. ••! , .■ 2 '.' 

IJif The formula for the' area of a sphere is, A ^r.v jj^ 

IV." v tfhe: formula" ^fpr; the area of a sphere Is A <=• if r n. 

^^r/'fQjij^r ^>true." ~ip iV.-jf-V;?^ 




.^::>,... V^:^:;..; ...... , _ 




(b) Only 1- a;W III ^ are* true'. 

(c) Only It and III^ arfrfcrue, 

(d) Only - II and IV , are true, . , 



^^^^^^ 

2, • The; f ormula "*f or the 1 vqjume of a sphere is i 



(to) v - , ir r h 
(c) V - r 3 
[d) 



V ii * f ^ 



e 3, 



' Which of the following are , true !: -t or one specific : sphere?; yrj, 

. . • ! . • -v ■ " ' ' , .; 

Iv ' All radii are congruent, . • • '; 

II. All' diami tars are> congruent; . ': :*.. ' V * ! ! 

III. The%ehgth. 6f a diameter is*- equal to twice the ■.'■■}■ , ; ; 
length of a radios. ' - ■■• • '}'•■■■ 

IV. All*.gre.iifc-'circles ; h«^e • the* - same *length. 5 



..„ ' ,*U 



^0 




4 «a- 



; t.c r v k ... . 



SSBS^^Vii J„(a) .Only^ I and . II :, are "true . 



,.... v ...». 



k^#^ f V^v ^ -^••;^'V ; ! - v,:.;|# <,- :.;-,v^-,^.- Ui T. >- ?..-' 



/(b) Only III, and' IV are. trues. ^ 
■¥;?,•''--*,■ -" (c) Only I- and III are true. 

ittLfT , l,-^^'. _i :. ^ -..v .... 



(d) Only I, II # aai III are true. . . . ' 

/(e) All of the statements are tru^V 
;^A3phere has ^. f Iradius ri' ' v Point A is located a dis- ; 

/ : \ ■ i • - the exterior of the sphere, which t one of the following 



(a) 


X W r • ■' 

■ , . . ■ : .* * * # ■ / 








.. ... :*^4i } \.^ -?,> • • • • • •••• .- : - ^v • - * - j- • ■ • 

X < r. , ' *■ •: • ; - 






(c) 


x > r ; 






• (d) 
(e) 


„ _ • ♦ . . 
x = 2r - — : . 


„L 




None of the above answers is correct* 







:5v 



If the radius of ^a sphere if doubled > the volume -of %We 
original sphere is multiplied^ by; 



e 



6. 



:;:(a i ) 


two 


(b) 


four 


:(c) 


six 


(d) 


eight 




ten 


The 


volume 




3 v 


(b) 


(3 V ) 








12 y 


(e) 


36 if .• 



3 Units 1 



/ 



52 



r 



, ^>,;,,. ; ,,,, ■ 351 



If ; §; g .:• ; ? 8$ " 

'ij!!Mo''- ~7i- - ^'atris ^the length of .a^great circle of a sphere whose , . • 
., " ' ' " diameter' is 10 "'inches? _ ■ . ^ ^7; 



^ |$o^^ 



; -{ - ; : - (e) Abo^it 30 inches. - 

.c; < (cj)- About 35 inches, ;/ 4r — ' 



afcaufe^'M; .iinoh 



es. 



'1 



iBi^ . ■^M a the earth/ "the distance from^he: North . to 
" ' "*f pblht ; Idcmted at 76° W» 0° is ahbut : ; ... "~ -'■ ' - ' 



(b) 6000 miles 

(c) 10,000 miles 

: ( d7"~12 7000^ miles" 

(e) 25,000 miles : 

9. In the figure 1 at the 
, right the sphere is in- 
" scribed in a cube whose 
edge has a length of 
12 Inches . : The volume 
of tha sphere is nearest : 

• ( a 1 ) 300 cm. in. 

(b) 500 ou. in. 

# 

(d.j - 1^500 ou. in. 

i (e):i a # ooo ou. in. 





' ^ : 1Q^ iaurf ace of the sphere shorn ^ 



:. v : . ;.;v "' . - Question 9 is about : . •' : ; 
, ^ ; (ay 1 450 square Inches 



(c) 600 square Inches 
('fl) 650 square inches 
(e) 700 square inches 



.^•M.-l:-,w%-^!; v - •_*-•.> — ■>. :- . ... - ...... '.' ,. . V,}:*. 1.. - .. r ...- i, ;i TT -. .v.. •vu^4 t Jiij3.«J,j 

• . -. ;>-;': - . ••• : , • •■' • , • '■ . = . ."»..■ 

•:v: " ■d-^ ll, 7 The radius'- of sphere A is twice as long as the radius T 

^ v r;-;:6f sphere The surf atee of sphere A is how many : times if 

r 7 / , that of sphere B? i^v- * 



12. A and B are on two points on, earth such that B is 
directly north of A* If A and B move due west> — 
• what can be said of 'their paths? , • ' 

(a) Their paths will cross* \ ; ' 

"^(b) Their paths will be on the same line. 

(c) Their paths will move in opposite directions. 

\ 5 ; (d) Their paths will not cross, . 

. ; (e) Their paths would cross, if continued around the 
sphere twice; 




35a 



^ '^A,;^ 5pn a _ point . located at 100° W, . 25 N. B is on 
'^S'polnraboated at 120° W," 25° N. If A and B move 



. ,., ti ....,. ( ^. t .... _ :rr .r :; .-- -V.-.. •/. • — j.-y.l, w, . ,„•. „• , "... ; - • . V t;- • . ..... • ■ ■■ 

13ftV:r. - ;^.'Ai": • -"V^dtfe'' south, then: 

^;X^);^^ei^:patns ; cannot intersect. 




.vf.'.'i' 



' (m) Their 



i'i.v;. : : (Id) ; The±%« paths will intersect,. . , 

(c) Their paths will move them farther apart, : 

H'(tf):^'^Thei^''■■p'a1^haf , will intersect ' in a l'ine . ? • . 
ejl pieir paths 

— -b 14 i - Which one of the following cities', has ^the.. greatest:. 

U^rl?;^: ': =: v - ;; r- ^ ; 3n^asw37!S >JCo^. latitude? ' '',v...;^;-,:.; T .:/.-;,': 

(b) — London .... .... . 

^e)^,Madri$, papain ^._„^.^iL^^„^.l^.^!^^-^l^_. 

(d) 'Tokyo 

(e) San Francisco / v : . ... ■ -~- - - - - 



a 15. 



A f ottnula for the total ;surf aof^ftf gt fef mlsphare ; (that ■ 
is/ t^e curved surface and the ^^t-:.*^ipn.^ 



(a) 


if 


r 2 


(b) 


2 




(0) 


2 


| ir r 2 


(d) 




2 

if r 


(e) 


5 


2 . 
if r , 


The 


rai 


iiiis of 
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- *y*= 



- radius of the' moon is about. 1,000 milfs, Which of the , >, 

spares, :WltjL-^.^-..„^g^- , -Qj^. the moon ♦ j : ^ ^ 

(a) 16:1 (cj 8:1,; ' , ^) ; ^:1 ! ^ ; ^ 

(b) 12:1 ' (d) 4:1 . v'..: : , ; : 




Chapter 13 - 
RELATIVE ERROR 





ment plays such an important part in 
. I 4ife that everyone should have clear ': wae^stah^ipg| 

SliibQl. relates to measurement, Most of. the early work > 

to: familiarize /ohildreh^W^^ 

and with the ratios between 1 their 

'ifff7fi0^v^^r- : -. :: - * ■ ' ~ ''-'"-y ■ f : - • -r •• /' • •• 

V /^li^^|iC • concept to be developed in' this- unit is; ^j^t^t^^-.v^.; 
ISS^00^S0 measurement; of a single thing yields a , ni^er .which^ " 

^^m^^oQetB, of coun^m sepfoa^e ob^o ts . which • yields an exact 

^^x^^^^y^s^&te. ob jects' is rounded Vor estim-; ; 

^^^ev^ense as '.V.^'&ijj^ apprpx^mate.^. 
iSdtoviatlons 'lad*--:*^^ sums or" 

^^v^Sfc -is a^furtda^at^rt^e'^scientific discipline that 

total. . 

/•'^'io^uiacy* • (Accuracy ^re ;i is, ; b4ng^ed;in\fc he.,, sense of being 
^y^i^rlee^- h^^n. the^hmca^^ 

S-^-chap.ter.. ' The ' Wcher^h^ as a word v 

S^i^a^etlnite,meatogu.andi^ 

.Many errQiS-^ measure- 



be 



?|meh|V' '^yThey ? ; 4 are 



•'i ■:: - ■ 



(a) 



(b) 

(c) 
•(d) 




.£ersonal^er^ <7 . 
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-/VV: ,;..r- : -.,'. ;; 



:r-^T-^?r- w r.rr~--''*; ' : " "'356" 



■ • - - •- -V.v -'V - 



;ent,jibie '."mistakes oteme about . th^ careles^ : ; 

>r ;, impr.oper use of the pleasuring ins These mistakes / 



a system ot cheeks, by proper educa^ : : S 
T^k^.'^y careful inspection during the measuring process.' '1 



orB -are the results of imperf eot|ons, : in materials and'. in. -v.*. 
|pi the manufacturing process, Obey are also the end products of i 5 11 
£l ; .economics., in the system of manufacturing „\ T6 make an - instrument. 
s^e<£ise^ 

manufacturing techniques v ail of which o^^^i^er opsts^ ^ : [ 'M 

arSv^rivironmsntai errors introduced 6^ causes ^ 

^he : careful weiring ; ; 



mm 



if*- 



- ^t ei^ai^ errors ar^Miyironme^t al - 
l^t^ tod\ urilmoKh* Wind "^wrenl^s may a 
of-ari^^ 

both object^ measured ai^ 
struiaent> Some of tjiese errors can be cpntooiafed tq : a degree bjr .- , 
^au^ing in v a epntrolled^environinkrt . Some of the errors of taaown^ 
origin ;can be corrected by ap^lying\ correction f ^rtors # ^iohj in 
effect s nullify the external errors 




"Some - external errors ^re so 



compXicated in origin that v th^y defy analysis 

tlon f ■ ' (l • . . V ' ." ' , : . 

Personal errors pe due to human imperfections M 
^.m^nts ha^e been made by human beings in ohe way or another .i. No two 
* persons react to a situation in exactly , the same m^^er ^^^Pthe- 
"less # personal Errors can be ;redU9©d; by proper seieiS^ttri 'and trairte^ 
ing of per sonne 3^- in the meksurittg' operitioni (This diStter factor ^ 
may (explain, to the teachers why Industries spend great sums of V 
money;, simply to teach people how to 'read. ineasuring instruments, ■ 
^^^R^sjm§y : then see the Consequent importance of this in school ^ 

work*). v *' : , v -., .' " 

Erro r a at*e 1 als 6 . char ac t e rig ed as determinate and indeterminate. 
We have already discussed some of the consequences of these errors ;i 



occur in a known pattern, throughout a s%rles of measurements , Such 
errors can be analyzed, accounted for and corrected. Instrumental / 
errors and external errors caused by c&nges in temperature are of . 
the determinate variety, 7 '\r 




I^errors arfe the, more insidious ; and, more difficult 
with. They have ho iaolus operandi and their; 
Piazard andfenconsia tent . ^iumaii errws iint^duc edj 



"••'i'l- 



during the measuring operation will ;.' introduce an In- 
terror. > ^^#'\ i 6n|^^^: to discover and manage this type 
by repeated ofii*3i^ation& and -'measurements-.' : V ; 

djtie unit selected for" a ;gi van measurement should b suitable 
xl^ftin^ ;thie-p^ 
measurement is to be us^|i '■ The unit is riot necessarily a standard ; 
35i^^ of a standard ^uriltv 6r\ , a-'su^ 

^^s^^dara^^it;. For example $ the height of an airplane above 
^M u ^ using 100 , feet a;s a7;unitv 

of a 

th^;h^2 



p$r §brii inay fr© <: skstt e d to the nearest half -inch, that- fsy* using ^-i- 
i^*^tt^h v aa • a : u^t. The result of , measurement should be ■■■ ^fffiv 



ffV! r done. ,m this C^te^ 2§ lru> implies tha^^ 
^^i-inch-j- and .that the ^ 

i l ;;^eiesult| "2^ in^^?|ffcl^ to any measure^^Ji^ 

f£f ^ttiin Kaif of the ; UiSSSA^ither s ide 'of 'the s| ^mm ##ki; ; ;that Tis; ; 

s ^ • ;^ mor e thart^ ^§ ? and , less'T^Kan S# inches . We have used ^the term. ' 

$ Jt^ 'vg^atep^y^ll^le/ error 11 tb refer ;^to the amourit by which the \ : v 
l(y ^ may vary frorn^ the sttated result* The use of the 

i#Q^ n some difficulty. It should be emphasised" V ; 

;U used here to mean tha# a measurement such as 2^ ; 

^r^^-inches represents any of a series of measvirements ranging f rom • , U-L 

'C(-^ ; .*/w)'>«aii«^s\ ^tQ \(aj •+ ^) ' inoh«0!« This naaoiiig, shptfld ii(^--(3tf;^' : ;/j 
tlnguished, from the more familiar use of the term to mean / mistakes 
^ihUteing^he^easu^ing 

or mistaices resulting from use of a faulty instrument, such as a .V 
poorly marked ruler .\ . • ' 



er|c 



63 




gipement .used; the smaller the unit , the* more pre else the meas r 



.^^l^*allern-i!? N the, greatest. p<£s^ble>rror-. /Accuracy of aT, 



a? t ^measurement is' the percent th© : greatest possible error 1b of the. TM 
; 1 ,</; T ' : measwenieht^ That is, accuracy refers to the relative error, 
|il ; u 1 In order to' develop clearly the concepts of unit of measure- 



v t : v j^e given consider ab le prac t lp e iih : measuring lengths of line s events: 



^e : :ne|fi^t fhch> nearest haif-iiioK^ 
y>- p ; . ; tfhey ; should be asked tof $t|ite the greatest posslb^^#S 

measurement must u-ffall, - -^^'-^ ^ • - : ^; ; v^^|^:'' ^^-.v-^V^y^^ 
: "''t ■ ; - Students - |:dm^ime s ; have di^f ^cix3^y ' ±m seeing wl^fte asur ements j ^ r 

1fr-1jb^B^ an t -di git s 

acciiracy > ^egardle s;s^ of the unit - of measurement. A ,, development : 
gildiig the following l^nes is sometimes Ijelpful. Si^if leant di^i^g 
are defined as the digits in the numeral which show the hiamber4of 
units The measurements below are analysed to shq^, the unit j 
ftun^er 6f f units / and the possible err^sto, \' '/ -v^-r^y.- 




Mea^jrement 

5,570 ft, 
V0V0357 ft. 



Unit 




Number , of ; Units 

A' . "■ ■ 

. ' 357 



.Greatest Possible 
. Error ; 

; :* 5 ft; 

■ 0., 00005 'f.tf»'v v .V 



..Each- of these meaaurements contains three significant figures. To- 
determihe the. accuracy, we find the relative errqjj?, or 'percent of 
' error. In the first case, we the ration ' 1 v • In *he S ' 

second casei the ratio is'; which equals 'tr§^. V 



Students also hay e^ dl f f iculty inj j^d er^ a ndinj whj^ jiieasuremehtg ■ 



with a larger number of significant digits have greater accuracy. 
An example similar to* that above can be used. 
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5. '-^ift /> 




359 



Number "of.. Units 




357 



* 1 ^ 



iest JBo'ssible 

^.oo^-ft. ;/"::>>'''•;■ 




& j Relative error of* 3^ ft. lf i.v ^ . or ^^00 



£ Relative error of'^W^t, is- .j|^§# . ° r 35! b * 

tzr~r!&±:'XEte~. studeh^hl^^.PonBtaritly be cautioned. ,tl^,.Jh^rule^^^ 
IP presented for' ^Somput^i^witji .approximate da^a-;are|rougn" and 

I '/ ■, 'U VJ palest ^in X his Appro^imate^mputa^loiP . makes ; ;this' important 

penerall^ -speaking* t^ tecbjiiq^e of Approximate 
Sbmputation '-.''is : no^meohanioal, Ttik performance •.„•.:,,. 
>©f~^umeri^al~prck}'esses^ 

anieal, but the arithmetic of Approximate Comp- t 
utation , can. be fully appreciated if and, only if ^ 
the interpreta^re ; processes are predominant . > v""":. ' 
Only when a student is conscious of the nat^ri of .. . 
the data and can interpret the approximativeness 
and the meaning Qf the numerical results obtained 
"by hirii^ will he understand the importance of 



■if 



Approxitoate Computation as a^undamental *part of 
applied mathematics." 



: . ;^6r Mstanc^, when we carry a computed number Ijke % or ^a 
trigonometric function to ohe more, significant digit -'^an the le 

the error introduced 'by ^he mumbers arising, from calculation 
rather tiian measurement ^ ; ;.; ' \\ . f 

.^I^ ^y^l^ar^o of Teachers of 

Mathematics j Washington/ D.C: National Oounci I of , 




Teachers of Mathematics,, 1957. p« 



MM§l&mfc desirable ' this unit mikht bes iritoefiflWaVES fifSdobe.^ 



-Ails 

'•'Sports on such topics as' the/histo^y *6tl standard limits - of 
••••;mi^li6^en1^- : vari6us' m&a^uriniCtdevloes \W ed^i&i^itetfry/ andASO$W.fti 2 
sas^ftfiash^^ atatas^iHusau^Eiafc^ A.A^-Ay^gvss 

i» ,T. ' v - -. ' . ■ » ,.• : . . .- 1 : ■ 1 •. ) A- .V-AV- *' v - A. ! » J , A' • ^v- • • -A-' A^-' ,^ ,>« A| 



., . ..^ AfA>'.^A""' ; 

v ; • •• ;a ';>>A ' 



.i r wJ<.;.'V-~-^ 



•A 

' ' A A A? 




. A' '.a .'•'-' i v; ; - 




G6 



'^V'..' ■ Mueller' ;' Francis J. ARITHMETIC;! ITS STRUCTURE ^A^ 'gONC^T^^^'0^ : 
Englewood Glif f bV N. J. : Prentice-Hall, Inc.j J1956. - pg. g 



~y m -^---;s^^i. s ''n: : til UNDERSTANDING, ARITHMETIC, New, York: Rinehar* .-, 

The National Coujiici of Teachers" of Mathematics .» THE QROWTH 
MAjraWTIOAL rlEfeAS y GRADES: k-IS .;(Twen^-|£ur|h Yearbooje),. 
fefvT^i f J#ash±i^b » D.C. : = The National Council of Teaohers .' ; 6jP.- 

-M^^ lfeih^atiOB-,: .1959. PE>« 182-228. .'■ 



1 




13-1 



■/•# 



I, ■ v h.^ a s r 



inehes 



4 



•;.!C' , ' *'•'"£. . Between 1 g inches and 1 ^hohe^ j { i^i<m' tv6ttt, 
,. '• , ; V;v ■- . ; 1 £ ; Inches; _ 



* 3,; ; D may" iser anywhere , between 1& ' inohf s ( : A 



: 'A'V:l^ '^'"^y ahA inches- + ^) incftesi 



* :4 ; V;'.v : 'i 

• V * i- 



,i 



(b) ' •: l^j- inches and 1^- ■ Inches.' 

(c) (l^ inches , 



incH 



5^ ^a) -Between 2~ and 2yg- 



8. 



i" : ' i 
TC; IB" 



(a) 



inch. 



.1 
10 



cm. 



; I0o 



•♦SB 
cm. 



10^-* One -ha If of , the unit used . 



to 



t ■ 



■ ? . - - 

" I ■ i * 

^.=.'«*T|-l 
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ft 



W 



13-2 



363 



* ft. 



pages 5^4-526 



at 



- * * itoswers to Exercises 13-2 , 
( r 1.. 3.20 inches. **• 

• 5 ,,,g. inches.* 

... .. • v . " ■* ' • 

(&) 5.2 'feet, 
(b) - 0.68 feet. 



fc) BothJriaye the same precision 



4. ' 12^ and «1>| years old, 



b. (a) 


a. 


100 feet 


d. 


0,1 foot.* 






"1 foo% 


e. 


0,000^1 foot 




0 * 


10 feet* 


ft 


0.1 foot 






50 feet ? 


d. 


O.oS foot 


* 


■ b.' 


, .0 . l j foot 


e. 


0,00005 foot 






5 feet 


•f . 


'0.05 foot " 



V 



r 



7. 



8. 



(a), 


e i^the most 


precise . 


lb) 


a Is the ieasl! 


precis©* 


(c) 


Yes, ,4 and " r 


have the 


(a) 


4200 




(b) 


23,000" 




(c) 


..•*• 

48,000,000 . 




(a) 


2 


(e) -4 


M- 




.» (f) 2 


"(9) 




(s) 4 


"(d) 


4 • 


' (h) P 3 


(a) 


4 


(d) 3 


(b) 


4 


(e) *5 


(c) 


•2 s " ' 


.(f) 2 



6 "M- 

ERIC 
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13-3 



1. 



2, 



3. 



(b) 

(c) 

(a) 

(c) 

(d) 
(a) 



(e) 0.005' inches 

(f) 0.0005 foot 

(g) ' J3Q0 miles ; 

(h) * 5 miles 

(e) 0.00071 v? 

(f) O.083 
(gj . 0.0093 
(h) . 0.000.0 



0>5 foot- 
0.05 inefc 
5 milete * 
0.5 foot 

V 

0.0096 
0.01? 

0.0019 * 

0,0014 



0.Q5 footjO.54^ *(c) ^reetjO.54^ 
0 . 0S05 f 00 1 ; 0 . 54^ j^rf^ 500 feet j 0 . 54j 




>4« . The percents af ^roryare the same fdr each measurement. 

„ In each case, /the greatest possible error was the iame 

„ ' , ..... ..^ ^ * . ,. > , .. .« i 

• fractional part of the measurement , 1 



0 



■ * 

(c) 



(a) • 0.1 foot 



9 
'6. 



(c) 



0.001 foot 
10 feet 

I 
4 



(d) 



7, 



8. 



(a) 0.00096 



.6 



b) 0IDOOO96 



4c), 

(d) 
(0) 
M 



1,000 miles 
0.1 foot 
0.001 inch 

3 
4 

0.0014 
0.00pl4 



.Yes. 



i 



.a 



e number dt 1 signlf lofluat digits increases* the 



relative arror decreases,** The larger the number of slg- 



nif leant Iig*Lt& t*p graatw /the .accuracy, 
5/ 7^12" inohee has#the ^reattgst accuracy. 
' Q.albfeh has -the ""•least 1 * accuracy, " • 
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10.* (a) 36| inches, 22^ inches, 46y inches, 32| inches, 
27^' inches. 

(b) 5 inches , 82,4 inches^ 4,62 inches, 3.041 inches, 
•0.3762 inches . ' " 



*U. J 6 feet + I foot. 



3^ inches + ^ inch, 

7,2 miles ± 0,05, mile, 

■-- ' - • 1 . ...... 

3 yards 4 inches + -j- inch. 

3.2 inches + 0,005 irlch, 

12. (a) 4 (e) 4 (i) 5 

(h) 4 (f) 2 ? (J) 2 

(c) 5. (g) 5 2 

r (d) 2 (h) 4 * a) a 

15. (a) 4^.63 X lo 6 '*, (f) *4.00 X 1Q"" 5 



(b) 3.27 x 1Q 5 (g)' 3.68 X 10 

(p) '4.62 x .1.0 '* (h) 8-X 10^ 8 

(d) 3.2004 x 10 1 (i) ' 7.2 x 10 



6 



10 



(e) 2 x 10° * 

14. e, J, i, c, g, a> f, t>, d, h 

15. ' SRADteJSTER. ^...5_*i°± . ' 

5 i p o 7 x 10 

6 x.JO 6 * _ IP 7 = 1 I 

(8.6) (6x10^) (?)(.8.6)(6x.i0 12 ) . 1.032x10' 



0 
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It two- fractions have th# same numerator, then the one* 
with, the larger denominator has the smaller value. Since, 
by definition, a' measurement with a smaller relative 
error i& the more accurate j the astronomer made the more 
ao curate measurement, ' 



Answers to Exercises 13^4 
i» (a) r inch, 

7 

(b) v ^ inch. 

(c) / 0,055 Inch. 



r 



2, 



3* 



(d) 


0,15 inch. 


(e) 


p., 0510 inch. 


(f ) 

> 


Jg— inch. 


(a) 


751.8 


(b) 


145.1 


(o) 


l,T5a.up 


(a) 


1.0 






.(b) 




(o) 






13.-5 
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Answers, to Exercises 13-5 ' 



A » 



I 



1. Largest area = 4-=^ sq, in, 

Smallest area '- sq. in. Ijin < 
Difference =" 2 sq. in. 
'■ .Area is (5# sq. in.) or 4 sq. in. w 



the nearest ^ sq. in. ) 
fa) ISO 



2. 



3. 



4. 
5. 



(b) 17,000 

(,c) 11 X 10 

(a) 4.4 

(b) 1.14 

(c) 3.92 X 10^ 

2.35 X 10"'' (gr cL^j^iOu) squui'e 1'udB, 

(a) 11 Inches 

(b) I4b.6 led * 

(c) 20 nil lea 
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6. 46.9 pounds, 'ii 



aiioant* digits are used here 



'7. 



because 7^«Lb an eAcot counting number and does not 
affe^t^the numbex- of significant digits. 

'250 

(a) 1? feet (o. vr< x )4) * , . 

(b) 220 feet (^.2? * 07) 



Sample Questions for Chapter 13 



'True - False. 



;jpourit|^ Separate objects is considered to be an e?caot ; . ^ , : 
measurement.* , } 

$he. smaller, the, ta^t^^the more precise Is the meas^ment| ;;; v- 

.,.....,„ . • f . . i . ;, • '' p ■'''■' : ;'"\ : -\ 

.Trie .greatest poas^blte e^ipr iW^uld be otte-a^teeRtp-^h'ij-./'^ 

if, the length of a lirie ;±sjmeasure'dl to ': the : ;nearest/^;:- 

./•••, '■ ..-.<T - •< ► ( ••' r - ' ' •• •• '.' 

'•inch. ' * Kt? : \ r ' • • / f • ; — V .; : £&;&\r>$ 

smaller;" the° p^ 
.' accuracy' of the measurement , '•■ >\ V ; ?V-.\\.i •••.. : tr.{>;^\*f , <^ i ^fM^}*^' : 

if a measurement -%f a line is stated t^ -be".lQ-;iO 'iffl$k6H) V Vl^iJ 
it. implies that the line was measured , ten the. .nearest- inch. 

" The more precise the, measurement 



pb s s lb M * e rror . 

A measuirem< 
error "as a 



PO miles has the' ,same^..grsate.st I : possible, 4 
nt &" ^00 miles,-. . . ■ '• ' 



There arlMii^aiinif leant digits, ; fl,n the mlflsuremenfe f #V 



7>P93 ^^^^ 

The term-^H^^^ft possible error" of a measurement --A 
not refer^^^^^pstake made m the measurement .I'l-," \' ; 

.The great^^Ps sible err||' of the'*sum. of .Several- appT^w^;,.- 
jWte measu^^eh€^ is th^ame- as' the- greatest- . tjqs'sjjft^^.;^; 
— 1 of th4*least pre^^^, measurement . * - ; ^ " ss\ : ,A^PA 



IK 




, # "'< (d) - : niamber' ol^^^^^-cant digits 

3. The greatest pp|^|ble error "in the sum of 453 in., 
.-.« '* 36.05 in, ^f#|uin. is: 

(to)' rt q.'<^'in. 

»• ; (d) ■ 0.005 in.* 



•JJI Goto; 




The m^^irfement of a' line segment was stated to be 1^| 



0 



che 



^/measurement might be stated as i|j + (^) Inches, 

The greatest' possible error in a measuremnt is always 

".flV Vr v' '* ■■ : ' 
• 1" 7 of the unit' used. 



3 # A measurement of 3^ inches has the same 'precision s as 

c (On 

a measurement of p N 4' inches. 



Part IV , Miscellaneous. * j 

1. Measure the length of the line segrfLent AD to the 

. I 4 ^ 

nearest eighth of an inch* A ' D ( H) in, ^ 

" 4 2. Compute the percent of error in the measurement 25 

inches* HoW would this compare with the percent of _ 
error in the measurement 2g miles? 

1, v 25' a 0.02 ^ 2 percent ; 

2. (Sahie) r - 



« 



